Abstract
Translational CardiologyMost Recent Points of View We demonstrate that cardiomyocyte progenitor cells (CMPCs) do release exosomes into their environment that can stimulate migration of endothelial cells in an in vitro scratch wound assay. Furthermore, we demonstrate that matrix metalloproteinases (MMPs) and extracellular matrix metalloproteinase inducer (EMMPRIN) are present in exosomes and that an EMMPRIN-mediated activation of CMPC exosomes is involved in the endothelial cell migration.

Cell therapy
, bone marrow [8] [12] . [12] .
The paracrine hypothesis
Thus far, cell-based therapies to regenerate the injured heart are successful in reducing the infarct size and improving cardiac output. However, true regeneration by engrafted cells is limited and suggests paracrine factors to be involved [13, 16] [23] . [23, 24] 
Exosomes contain many different proteins, including growth factors and cytokines, and coding and non-coding RNA molecules
. Exosomes are involved in intercellular communication between different cell types, but the mechanisms of their effects are not clear. It is postulated that exosomes can influence target cell behaviour by receptor ligand binding, fusion and endocytosis. Exosomes are described to be involved in numerous processes, including immune modulating processes and angiogenesis and migration of endothelial cells to facilitate tumour growth and the formation of metastasis. In cardiovascular research, exosomes have been identified as the active component within the CM which was injected in a pig model of ischemia reperfusion injury [21], demonstrating reduced damage and improved outcome. Ultimately these exosomes, derived from MSCs, have been injected in a mouse model of ischemia reperfusion leading to a reduced infarct size [25]. To investigate whether CMPC-derived exosomes could play a role in CMPC transplantation therapy, we studied the effect of these exosomes on endothelial cells migration in vitro and explore the mechanism involved.
Collection CMPC secreted exosomes
CMPCs are isolated as previously described [9] [10] [11] (Fig. 1A) , demonstrating the characteristic cup-shaped appearance. Exosome vesicles are described to float in a sucrose gradient at a density between 1.10 and 1.20 g/ml [22] . Flotillin-1 was used as a marker protein to identify exosome-containing fractions and we observed that CMPC exosomes float round 1.10 -1.12 g/ml (Fig. 1B) . Fig. 2A) . Adding exosomes from 1 ϫ 10 7 CMPCs in serum-free medium (basal medium), migration of HMECs is significantly enhanced (Fig. 2B) .
Conditioned medium and exosomes in in vitro scratch wound assay
Because exosomes are described to be involved in angiogenesis and endothelial cell migration and based on the observation of increased capillary formation upon CMPC transplantation, we suggested that CMPC-derived exosomes enhance migration of endothelial cells. The in vitro scratch wound assay was performed with human microvascular endothelial cells (HMECs). Upon stimulation of HMECs with CMPC-CM, wound closure of HMECs is increased and, by diminishing the number of exosomes in this medium, this closure is reduced (
Exosomal signalling via MMP and EMMPRIN
To explore the mechanism how exosomes might stimulate migration of endothelial cells, we studied the role of MMPs. For cell migration, the breakdown and remodelling of matrix is required and this is mediated by MMPs [26] . Interestingly, MMPs can be found in secreted vesicles, including exosomes [27] . To identify the presence of MMP activity within CMPC-derived exosomes, a zymogram was performed as described before [28] . [30] . We observed that the enhanced closure of the wound via exosomes is completely blocked when the exosomes are treated with an EMMPRIN neutralizing antibody (Fig. 4) .
Discussion
Upon CMPC cell transplantation into the myocardium, the engrafted cells contributed to formation of new capillaries and cardiomyocytes by direct differentiation, which potentially can lead to improved heart function and morphology [10] [11] [12] 
